This study aimed to evaluate the effect of different amounts of incubated samples on the kinetic parameters of in vitro fermentation of roughage and concentrated food used for feeding ruminants. Samples were prepared using 200, 300, 400, and 500 mg of air-dried roughage and concentrated sample, ground to 1 mm, and placed in 120 mL glass flasks. Next, inoculum and McDougal solution were added, and the readings were obtained using a semi-automated pressure transducer up to 96 h after the beginning of the incubations. Gas production of the non-fibrous fraction increased linearly (P < 0.05) for sugarcane, Marandu grass silage, corn silage, dried corn distillers' grains with solubles, dried brewer's yeast, bean residue, wet brewer's grains, sunflower meal, and Jatropha meal; quadratically (P < 0.05) for Napier grass silage and cottonseed meal; and cubically (P < 0.05) for castor meal and soybean meal. The degradation rate of the non-fibrous fraction reduced linearly (P < 0.05) for sugarcane, Napier grass silage, and castor meal; quadratically (P < 0.05) for Marandu grass silage; and cubically (P < 0.05) for corn silage, soybean meal, dried corn distillers' grains with solubles, bean residue, and cottonseed meal. Gas production of the fibrous fraction increased linearly (P < 0.05) for Napier grass silage, Marandu grass silage, corn silage, dried corn distillers' grains with solubles, bean residue, wet brewer's grain, cottonseed meal, and sunflower meal; quadratically ( < 0.05) for Jatropha meal; and cubically (P < 0.05) for sugarcane, castor meal, and soybean meal. The degradation rate of the fibrous fraction increased linearly (P < 0.05) for Napier grass silage, dried corn distillers' grains with solubles, dried brewer's yeast, wet brewer's grains; quadratically (P < 0.05) for corn silage and castor meal; and cubically (P < 0.05) for sugarcane, Marandu grass silage, and bean residue. The lag time reduced linearly (P < 0.05) for castor meal and dried corn distillers' grains with solubles; quadratically (P < 0.05) for Napier grass silage; and cubically (P < 0.05) for sugarcane, Marandu grass silage, corn silage, soybean meal, bean residue, cottonseed meal, sunflower meal, and Jatropha meal. Thus, our findings suggest that the kinetic parameters of in vitro fermentation were affected as a function of the amount of incubated sample.
Introduction
The nutritional value of ruminant feed is estimated using dynamic digestion models. The nutritive value of a food depends on several factors, including its chemical composition and nutrient utilization by animals, since nutrient utilization in ruminant animals depends on the symbiotic association with ruminal microbiota (Santo et al., 2017) . Thus, assessing the ruminal degradation dynamics of several foods is fundamental for determining the adequacy of diets in relation to the ratios of food fractions, as well as the digestion rate and losses due to ruminal fermentation (Goes et al., 2010 ).
An efficient laboratory method for determining the nutritional value of food should be reproducible and have a good correlation with parameters measured in vivo. The in vitro methods are less expensive, more efficient, and allow more precise maintenance of experimental conditions than the in vivo assays (Getachew, Blummel, Makkar, & Becker, 1998) , and hence are preferably used to measure the rate and extent of nutrient degradation in ruminants (Groot, Cone, Willians, Debersaques, & Lantinga, 1996) .
Although pressure transducers a relatively simple and inexpensive technique have been used to estimate the fermentation kinetics of food or diets for ruminant animals, many factors can affect the gas production profile of foods that need to be assessed. These factors include medium agitation during fermentation; inoculum origin, conservation, and manipulation; gas production measurement system; atmospheric pressure; sample preparation and size; and buffer amount and composition (Rymer, Huntington, Williams, & Givens, 2005) .
Methodologically, the amount of sample used in different studies ranges from 100 to 1000 mg (Goering & Van Soest, 1970; Menke et al., 1979; Theodorou, Williams, Dhanoa, Mcallan, & France, 1994) . Small amounts of sample may increase experimental errors owing to heterogeneous weighing during sampling, as observed in the study of Menke et al. (1979) , who indicated that low sample weight was a critical point in the gas production method. However, when high amounts of samples are used, the system (buffer) should be able to buffer short-chain fatty acids produced, and the accumulated pressure should not be excessively high to adversely affect the fermentation and production of gases (Rymer et al., 2005) .
In general, the total amount of gases produced has been found to linearly increase with an increase in the amount of incubated sample (Theodorou et al., 1994) ; however, when the headspace is reduced by using flasks of equal volume, the sensitivity of the system to detect the production of small volumes of gases-usually derived from the soluble fractions of food might likely be high at the initial incubation times. This may influence the degradation rate and lag time estimated for the incubated samples. Hence, standardizing the amount of sample for in vitro gas measurement systems becomes necessary when semi-automated systems are used to allow the precise and accurate estimation of the kinetic parameters that can be used regardless of the food analyzed.
This study aimed to evaluate the effect of different amounts of incubated samples on the kinetic parameters of in vitro fermentation of roughage and concentrated food used for feeding ruminants.
Material and Methods

Characterization and chemical analysis of food
The food used for analysis was chosen owing to its high availability and frequency of use in ruminant nutrition in Mato Grosso, Brazil. The roughage foods were sugarcane in natura, Napier grass silage, corn silage, and Marandu grass silage; the concentrated foods were dried corn distillers' grains with solubles, soybean meal, castor meal, dried brewer's yeast, bean residue, wet brewer's grains, cottonseed meal, sunflower meal, and Jatropha meal. Food was sampled from different regions (Sinop, Cuiabá, and Rondonópolis) from Mato Grosso, Brazil. Some regional foods could be used for making only one sample, whereas three samples were obtained for less regionalized food, which was homogenized to form a composite sample. The incubations were performed at the Laboratory of Animal Nutrition of the Federal University of Mato Grosso Campus Cuiabá, MT, Brazil.
All samples were analyzed according to the standard analysis procedures of the Brazilian National Institute of Science and Technology on Animal Science (INCT-CA; Detmann et al., 2012) . The samples of roughage foods were pre-dried in a convection oven at 55 ºC for 72 h to obtain dry air samples (INCT-CA G-001/1). Next, all the feeds were oven-dried at 105 ºC to determine the final dry matter (INCT-CA G-003/1). They were then milled using a 1 mm sieve to analyze crude protein (INCT-CA N-001/1), mineral matter (INCT-CA M-001/1), ether extract (INCT-CA G-004/1), neutral detergent fiber (INCT-CA F-002/1), and acid detergent fiber (INCT-CA F-004/1). Total carbohydrates (TCs) were calculated according to Sniffen, O'Connor, Van Soest, Fox and Russell (1992) . The indigestible neutral detergent fiber (iNDF) of the food was obtained using in situ incubation for 240 h (Casali et al., 2008) , followed by analysis of NDF. Potentially fermentable organic matter (pFOM) was estimated using the equation: 1000 -(MM + EE + iNDF), and the fraction of total potentially digestible carbohydrates (tpDCs) was estimated using the equation: NFC * 0.98 + NDFap -iNDF. The chemical composition of food is described in Table 1 . 
Gas production and kinetic parameters of ruminal fermentation
Samples for the in vitro incubations were prepared using the gas production technique by using 200, 300, 400, and 500 mg of air-dried sample ground to 1 mm. The samples were then placed in 120 mL amber glass flasks. To the flasks, 20 mL of 16 mL McDougal buffer solution + 4 mL inoculum, 30 mL of 24 mL McDougal buffer solution + 6 mL inoculum, 40 mL of 32 mL McDougal buffer + 8 mL inoculum, or 50 mL of 40 mL McDougal buffer solution + 10 mL inoculum was added. The McDougal buffer solution was previously reduced with CO 2 (pH 6.9-7.0), according to McDougal (1949) . The inoculum was obtained from a fistulated dairy cow fed 2 kg of concentrate per day.
Immediately, the flasks were covered with rubber cap and aluminum seal and placed in a water bath at 39 °C and 45 rpm. Pressure readings (psi, pressure per square inch) were obtained using a pressure transducer (Datalogger Pressure ® ) at 2, 4, 6, 8, 10, 12, 24, 48, 72 , and 96 h. The volume of gases from rumen liquid and buffer solution was measured by incubating two flasks without a sample (white). Thus, for each reading time, the volume of gases from the flasks with sample was subtracted from that of the flasks without sample.
Statistical analysis
The sum of the volume of gases for each reading time was used to establish the cumulative production curves of gases. Conversion from psi to mL was performed using the regression equation (Y = a + bx), in which the coefficient "b" of the equation enabled correction and transformation of pressure (psi) into the volume of gases (mL) corrected for barometric pressure of the day. For this, a known volume of gases was injected into flasks kept under the same conditions as those of incubated samples. For each relation of the sample tested, a curve was generated according to the pressures corresponding to the injected volumes (20, 30, 40, and 50 mL), and the same measures were used to obtain the regression equation between gas pressure and volume.
The kinetics of cumulative gas production was analyzed using the logistic bi-compartmental model of Schofield, Pitt and Pell (1994) : V(t) = Vf1/ (1 + exp (2 -4*c1*(T -L))) + Vf2/(1 + exp (2 -4*c2*(T -L))), where V(t) is the cumulative volume at time t; Vf1, the final volume of gases of the fast degradation fraction; c1 (h -1 ), the degradation rate of the fast degradation fraction; Vf2, the final volume of gases of the slow degradation fraction; c2 (h -1 ), the degradation rate of the slow degradation fraction; L, the lag time; and T, time (h).
The studied variables were analyzed using the MIXED procedure of SAS, version 9.2. Pearson's correlation coefficient analyses were performed between the chemical composition of the food and the total gas production as a function of the different amounts of incubated sample. The parameters were analyzed using F test in ANOVA. The LSMEANS option was used to generate the individual means for each treatment. After the quantitative factors were obtained, orthogonal contrasts were used for specifically partitioning the effects into linear, quadratic, or cubic. The effects were considered significant when P < 0.05.
Results and Discussion
Correlation coefficients between the chemical composition of food and total gas production as a function of the different amounts of incubated samples
The total gas production of the foods as a function of the different amounts of incubated sample showed a significant correlation (P < 0.05) of 0.7667, 0.6305, 0.7405, and 0.7449 with pFOM, TCs, tpDCs, and NFCs, respectively. No significant effect (P > 0.05) was noted for the correlation between total gas production and organic matter (OM), crude protein (CP), ether extract (EE), and neutral detergent fiber corrected for ash and protein (NDFap), which averaged 0.3914, -0.5204, -0.3638, and 0.1493, respectively (Table 2) . Getachew, Robinson, DePeters and Taylor (2004) evaluated the correlation between the chemical composition of different foods and the extent of gas production; their results were considerably similar to ours. They found that the protein content and available food protein were correlated negatively, whereas the NFC content was correlated positively with gas production at 6, 24, and 48 h of incubation.
The in vitro kinetic parameters
Roughage feeds
Gas production from the degradation of NFCs showed an linear increasing effect (P < 0.05) for in natura sugarcane, Marandu grass silage, and corn silage, whereas quadratic effect (P < 0.05) for Napier grass silage, according to the different amounts of incubated sample (Table 3 ). The degradation rate of NFC fraction showed a linear effect (P < 0.05) for in natura sugarcane and Napier grass silage, whereas a quadratic effect (P < 0.05) for Marandu grass silage and a cubic effect (P < 0.05) for corn silage.
Gas production from the degradation of fibrous carbohydrates showed a cubic effect (P < 0.05) for in natura sugarcane and an increasing linear effect (P < 0.05) for Napier grass silage, Marandu grass silage, and corn silage, according to the different amounts of incubated sample. The degradation rate of the NFC fraction showed a cubic effect (P < 0.05) for in natura sugarcane and Marandu grass silage, whereas a decreasing linear effect for Napier grass silage and a quadratic effect (P < 0.05) for corn silage (Table 3) .
The total gas production showed a cubic effect (P < 0.05) for in natura sugarcane, Marandu grass silage, and corn silage, whereas a linear effect (P < 0.05 ) for Marandu grass silage as a function of the different amounts of incubated sample. The lag time was also affected by the different amounts of incubated sample, with a quadratic effect (P < 0.05) for Napier grass silage and a cubic effect (P < 0.05) for in natura sugarcane, Marandu grass silage, and corn silage (Table 3) .
Similar to our results, Campos, Lanna, Bose and Boin (2000) varied the amount of incubated alfalfa hay between 50 and 110 mg and observed a quadratic behavior for gas production as a function of the amount of incubated sample. They also observed an alteration in the final pH, which was reduced when larger amounts of incubated samples were used after 48 h of incubation and cautioned against the use of large amounts of incubated sample as the reduction of pH may change the fermentation process once the buffer solution has no effect on the buffering of the medium.
In contrast, Theodorou et al. (1994) , who used roughage amounts ranging from 200 to 2000 mg incubated with 100 mL of mixed culture in 125 mL bottles, observed a linear increase in the total gas production; however, no effect was noted on the lag time and degradation rates.
Gas production depending on available headspace showed an increasing linear effect (P < 0.05) for in natura sugarcane and Napier grass silage and a quadratic effect (P < 0.05) for Marandu grass silage and corn silage as a function of the amount of incubated sample. The production of gases per milligram of incubated sample showed a linear reduction (P < 0.05) for in natura sugarcane, Napier grass silage, and corn silage and a quadratic effect (P < 0.05) for Marandu grass silage. Gas production as a function of the amount of tpDCs and pFOM showed a quadratic effect (P < 0.05) for in natura sugarcane and an increasing linear effect for Napier grass silage, Marandu grass silage, and corn silage as a function of the amount of incubated sample (Table 4 ). 
Concentrated feeds
Gas production from the degradation of NFCF showed a linear increasing effect (P < 0.05) for dried corn distillers' grains with solubles, dried brewer's yeast, bean residue, wet brewer's grains, sunflower meal, and Jatropha meal; quadratic effect (P < 0.05) for cottonseed meal; and cubic effect (P < 0.05) for castor meal and soybean meal as a function of the amount of incubated sample. The degradation rate of NFC fraction showed a linear decreasing effect (P < 0.05) for castor meal and a cubic effect for soybean meal, dried corn distillers' grains with solubles, bean residue, and cottonseed meal, whereas no significant effect (P > 0.05) for dried corn distillers' grains with solubles, wet brewer's grain, sunflower meal, and Jatropha meal as a function of the amount of incubated sample (Table 5 ).
Gas production from the degradation of fibrous carbohydrate fraction showed a linear increasing effect (P < 0.05) for dried corn distillers' grains with solubles, bean residue, wet brewer's grains, cottonseed meal, and sunflower meal; quadratic effect (P < 0.05) for Jatropha meal; and cubic effect (P < 0.05) for castor meal and soybean meal as a function of the amount of incubated sample. The degradation rate of fibrous carbohydrate fraction showed a linear decreasing effect (P < 0.05) for dried corn distillers' grains with solubles, dried brewer's yeast, and wet brewer's grains; quadratic effect (P < 0.05) for castor meal; and cubic effect for bean residue. However, the amount of incubated sample had no significant effect (P > 0.05) on the degradation rate of fibrous carbohydrate fraction for soybean meal, cottonseed meal, sunflower meal, and Jatropha meal ( Table 5 ).
The total gas production showed a linear increasing effect (P < 0.05) for almost all concentrated foods evaluated, except for Jatropha meal, which showed a cubic effect (P < 0.05) as a function of the different amounts of incubated sample. The lag time was also influenced as a function of the different amounts of incubated sample, with a linear decreasing effect for castor meal and dried corn distillers' grains with solubles and a cubic effect (P < 0.05) for soybean meal, bean residue, cottonseed meal, sunflower meal, and Jatropha meal. Ramin and Huhtanen (2012) evaluated the effect of different amounts of samples (300, 600, 900, and 1200 mg) incubated with 60 mL of substrate in 260 mL flasks and observed a linear reduction in the digestibility of the fractions as the amount of incubated sample increased. Such behavior was justified because of the saturation of the medium with volatile fatty acids, which reduced the pH and then precluded digestibility. Notably, in their study, the amount of buffered rumen fluid was the same for all treatments (60 mL); in contrast, in the present study, the buffered ruminal fluid varied according to the amount of incubated sample (20, 30, 40, and 50 mL). Cone and Van Gelder (1996) tested different concentrations of a corn by-product and found that, after 10 h of incubation, the medium was saturated when 700 and 900 mg of corn by-product was incubated with 60 mL of mixed solution of ruminal liquid and buffer solution in a 1:2 ratio, unlike when 300 and 500 mg of corn by-product was used, which led to the production of higher amounts of gases because they showed a more favorable medium for fermentation.
The production of gases depending on available headspace showed a linear increasing effect (P < 0.05) for castor meal, soybean meal, dried brewer's yeast, cottonseed meal, and sunflower meal; quadratic effect (P < 0.05) for dried corn distillers' grains with solubles, bean residue, and wet brewer's grains; and cubic effect (P < 0.05) for Jatropha meal as a function of the amount of incubated sample. The production of gases per milligram of incubated sample showed a linear reduction (P < 0.05) for castor meal, soybean meal, dried corn distillers' grains with solubles, and bean residue; quadratic effect (P < 0.05) for wet brewer's grains; and nonsignificant effect (P > 0.05) for dried brewer's yeast and cottonseed meal. Gas production as a function of the amount of tpDCs and pFOM showed an increasing linear effect (P < 0.05) for almost all concentrated foods, except for Jatropha meal, which showed a quadratic effect (P < 0.05; Table 6 ). 
Conclusion
Fermentation parameters of roughage and concentrated foods were influenced as a function of the amount of incubated sample. However, as the total gas production was correlated with potentially fermentable organic matter and the content of potentially digestible carbohydrates, the fermentation pattern was likely not influenced by increasing the amount of incubated sample. Another concern was that the headspace could prevent the storage of gases, affecting the fermentation of food; however, for most foods, gas production by available headspace showed linear increase, and thus was not affected by the amount of incubated sample.
